INTRODUCTION
Exposure to opioids is ubiquitous in surgical care in the USA, and overprescribing of opioids is common following surgical procedures. [1] [2] [3] Moreover, exposure to opioid medications for any cause can result in long-term opioid use, 4 and 3-7% of opioid-naïve patients are at risk for developing new persistent opioid use following elective surgery. [5] [6] [7] [8] Thus, millions of Americans each year are continuing opioid use beyond the normal recovery period of 90 days after a surgical procedure. 9 Both overprescribing and new persistent opioid use have contributed to the national opioid crisis, which results in 91 overdose deaths per day. 10 In efforts to address this public health concern, many states have adopted or are considering new legislature that limits initial opioid prescriptions for acute causes such as surgery. 11 Despite these risks, it is unclear how patients with new persistent opioid use receive care during the acute surgical period. While 50% of all opioid prescriptions are prescribed by primary care clinicians and pain specialists, 12 their role during the postoperative period remains unknown. Identifying which physician specialties prescribe opioids to patients with new persistent opioid use is critical to forming multidimensional care strategies for early interventions aimed at preventing chronic opioid use, reducing opioid misuse, and preventing excess opioids entering communities.
Within this context, we examined a national retrospective cohort of patients undergoing surgical procedures to identify specialties prescribing opioids to surgical patients who developed new persistent opioid use. We evaluated the percentage of opioid prescriptions provided by each specialty at 90-day time intervals during the twelve months after surgery. We hypothesized that surgeons account for the majority of opioid prescriptions earlier in the postoperative period, while primary care clinicians account for the majority of opioid prescriptions later in the postoperative period.
METHODS
We conducted a nationwide retrospective study on a cohort of US adults using insurance claims data. The University of Michigan Institutional Review Board approved the exempt status of this study as all data was de-identified (HUM00118524).
Data Source and Cohort
We examined insurance claims data from Optum Clinformatics Data Mart, a large national database that includes commercial health plan data from all 50 states, the District of Columbia, and Puerto Rico. Prior to inclusion to the database, inpatient, outpatient, and pharmacy claims submitted for payment are verified and de-identified.
In this retrospective study, our study period spanned from January 1, 2007, to March 31, 2015 , to include US adults aged 18-64 that underwent common surgical procedures between January 1, 2008, and March 31, 2014, and filled an opioid prescription attributed to surgery. This accounted for our 12-month preoperative and postoperative follow-up. In accordance with previous work, 5 we determined an opioid prescription was attributed to surgery if filled 30 days before to 14 days after surgery. To be included, patients must have maintained insurance coverage during the 12 months before and after their date of surgery. In an effort to minimize the inclusion of complications, we excluded any patients with hospital admissions greater than 30 days or a subsequent surgical procedure within 12 months after surgery. The latter was accomplished by excluding patients with an anesthesia Current Procedural Terminology (CPT) code within 1 year after surgery.
Surgical procedures included both minor and major surgeries. We limited surgeries to common procedures aligned with previous work. 5 We excluded oncologic and orthopedic procedures as patients undergoing these procedures have higher incidence of persistent opioid use following surgery when compared to other common surgeries. 13, 14 Minor surgeries included laparoscopic cholecystectomy, laparoscopic appendectomy, hemorrhoidectomy, varicose vein removal, parathyroidectomy, thyroidectomy, transurethral prostate surgery, and carpal tunnel release. Major surgeries included bariatric surgery, ventral incisional hernia repair, reflux surgery, hysterectomy, and colectomy. These procedures were identified using Current Procedural Terminology (CPT) codes and International Statistical Classification of Diseases and Related Health Problems (ICD-9) procedure codes (Online Appendix).
Definitions of Patient and Provider Categories
Patients were identified by preoperative opioid use as previously described. 5 Opioid-naïve patients with new persistent use did not fill any opioid prescriptions between 12 months to 31 days before surgery, filled an opioid prescription attributed to surgery, and then filled at least one additional opioid prescription between 91 and 180 days after surgery. Aligned with previous studies examining postoperative opioid use in opioid-naïve patients, [5] [6] [7] [8] this definition relies on a normal surgical recovery within 90 days after surgery. 9 Provider taxonomy was derived from unique identification numbers assigned to healthcare providers. We used National Provider Identifier (NPI) codes to stratify providers into five groups: (1) Surgery; (2) Primary Care; (3) Cardiology, Gastroenterology, Oncology, Neurology, & Other; (4) Physical Medicine & Rehabilitation (PM&R)/Pain Medicine; and (5) Emergency Medicine. Pain Medicine specialties included Anesthesiology as well as addiction and pain subspecialties. We chose to group PM&R with Pain Medicine because both specialties frequently provide care to patients with chronic pain, 15 and opioid prescriptions account for over 36% of all prescriptions provided by both these specialties. 12 To prevent potential misclassification errors, we excluded physician assistants and nurse practitioners that we could not associate with a specialty using NPI codes.
Outcomes
Our primary outcome was the percentage of opioid prescriptions provided by each specialty during the twelve months after surgery evaluated at 90-day intervals.
Statistical Analysis
To compare patients who received opioid prescriptions from different specialties, we assigned each patient to a single specialty group based on the specialty that provided the first opioid prescription from 91 to 180 days after surgery. This was chosen because our definition of new persistent opioid use requires patients to fill at least one opioid prescription during this time period. 5 We then compared patient characteristics among provider groups. Patient characteristics included gender, race, age, education, geographic region, surgery type, Charlson comorbidity index, tobacco use, mental disorders, and pain disorders. Chi-square test was used to test categorical variables and analysis of variance (ANOVA) tests were used to compare means among provider groups. p values less than 0.05 were considered statistically significant.
Data Availability. The datasets generated and/or analyzed during the current study available from the corresponding author on reasonable request.
RESULTS
We identified 5276 opioid-naïve patients with new persistent opioid use that met the inclusion criteria, underwent a surgical procedure during the study period, and filled an opioid prescription attributed to surgery. Overall, a total of 20,830 opioid prescriptions were provided during the study period. Surgeons provided the most opioid prescriptions (n = 8118; 39.0%), while primary care provided 6101 opioid prescriptions (29.3%). Cardiology, Gastroenterology, Oncology, Neurology, and Other provided 4708 opioid prescriptions (22.6%). Emergency medicine provided 1464 opioid prescriptions (7.0%), and the remaining 439 prescriptions were provided by PM&R/Pain medicine (2.1%). Figure 1 illustrates the percentage of opioid prescriptions by provider specialty for opioid-naïve patients with new persistent use. During the first 3 months after surgery, surgeons accounted for 69% of opioid prescriptions, primary care physicians accounted for 13%, Emergency Medicine accounted for 2%, Physical Medicine & Rehabilitation (PM&R) / Pain Medicine accounted for 1%, and all other specialties accounted for 15%. Three to 6 months after surgery, surgeons provided for 20% of opioid prescriptions, primary care physicians accounted for 36%, Emergency Medicine accounted for 11%, PM&R/Pain Medicine accounted for 2%, and all other specialties provided 31%. Six to nine months after surgery, surgeons accounted for 16% of opioid prescriptions, primary care physicians provided 48%, Emergency Medicine provided 5%, PM&R/Pain Medicine accounted for 6%, and all other specialties accounted for 26%. Nine to 12 months after surgery, surgeons accounted for only 11% of opioid prescriptions, primary care physicians accounted for 53%, Emergency Medicine accounted for 5%, PM&R / Pain Medicine accounted for 6%, and all other specialties provided 25%. A total 8226 opioid prescriptions were prescribed in the first 3 months after surgery, and opioid prescribing decreased to 6958 prescriptions 3 to 6 months after surgery. Fewer prescriptions were filled at later time points, with 2167 prescriptions six to nine months and 1963 prescriptions nine to 12 months after surgery.
As detailed in Table 1 , we stratified patients by the specialty who provided the first opioid prescription 91-180 days after surgery in order to compare differences in patient characteristics among provider groups. There were no significant differences in patients' gender or race between provider groups. In all groups, opioid-naïve patients with new persistent opioid use were predominantly female, ranging from 69 to 75% female among provider groups (p = 0.137). Patients were also predominantly white, varying from 71 to 74% white between providers (p = 0.353). We did find significant differences with respect to patient age (p < 0.001). Emergency Medicine was more likely to provide opioid prescriptions to younger patients (mean 42.6 years; SD 0.4) while older patients were more likely to receive opioids from PM&R/Pain Medicine (mean 47.1 years; SD 1.4). Patient education level differed significantly among provider groups (p < 0.001). For example, PM&R/Pain Medicine was more likely to provide opioid prescriptions to patients with a Bachelor's degree or higher (n = 10; 17.5%). In contrast, Primary Care (n = 637; 36.0%) and Emergency Medicine (n = 254; 35.8%) were more likely to prescribe opioids to patients with a high school diploma.
Geographic region also showed a significant difference (p < 0.001), although patients were more likely to reside in the South Atlantic region for all provider groups (26.3 to 32.7%). Minor surgery was more prominent for all provider groups but significant differences were observed (p = 0.021). Notably, PM&R/Pain Medicine was more likely to provide opioids to patients that underwent minor surgery (n = 50; 87.7%), and surgeons were more likely to prescribe opioids to patients following major surgical procedures (n = 279; 25.7%).
Pertinent past medical history is also shown in Table 1 . There was a significant difference between provider groups with respect to patients' Charlson comorbidity index (p = 0.01). Emergency Medicine was more likely to provide opioid prescriptions to patients with fewer comorbidities (0.9; SD 0.1) while PM&R/Pain Medicine was more likely to prescribe opioids to patients with increased comorbidities (1.3; SD 0.3). Significant differences were also seen in regard to tobacco use (p < 0.001). Tobacco use was most common among patients that received opioid prescriptions from primary care (n = 664; 37.6%) and least common in patients that receive opioids from surgeons (n = 312; 28.8%). Among mental disorders, significant differences were observed in anxiety disorder (p < 0.001), mood disorder (p = 0.003), schizophrenia and other psychotic disorders (p = 0.001), and drug and substance use disorders (p = 0.001). For example, primary care was more likely to prescribe opioids to patients with anxiety disorder (n = 394; 22.3%), while PM&R/Pain Medicine was more likely to provide opioids to patients with mood disorder (n = 16; 28.1%). For pain disorders, we found significant differences with back pain (p < 0.001), neck pain (p < 0.001), arthritis (p < 0.001), and other pain disorders (p < 0.001). PM&R/Pain Medicine was more likely to prescribe opioids to patients with these conditions (back pain [n = 44, 77.2%]; neck pain [n = 24, 42.1%]; arthritis [n = 50, 87.7%]; other pain disorders [n = 39, 68.4%]). Conversely, Cardiology, Gastroenterology, Oncology, Neurology, and Other were least likely to prescribe opioids to patients with back pain (n = 463; 27.9%), neck pain (n = 256; 15.4%), and arthritis (n = 899; 54.2%).
DISCUSSION
Among opioid-naïve patients with new persistent opioid use following common surgical procedures, the majority of postoperative opioid prescribing transitioned from surgeons to primary care clinicians between 3 to 6 months after surgery. By 6 months after surgery, surgeons provided 20% or less of opioid prescriptions, and primary care clinicians increased to over 50% of prescriptions 12 months after surgery. Cardiology, Gastroenterology, Oncology, Neurology, and Other played a prominent role in postoperative opioid prescribing, providing over 25% of opioid prescriptions more than 6 months after surgery. During the transition of care period (3-6 months after surgery), PM&R/Pain Medicine provided less than 2% of opioid prescriptions, while emergency medicine provided 11% of opioid prescriptions during the transition. Notably, more than 3 months after surgery, surgeons were more likely than primary care to prescribe opioids to patients with a higher education level and fewer mental or pain disorders. Overall, our data suggests that the first 3 months after surgery is a critical time period for future research to determine if improving provider-to-provider communication between surgeons and subsequent opioid prescribers can improve care for opioid-naïve patients.
This was the first study to examine the transition of postoperative opioid-managed pain in terms of opioid prescriptions by provider specialty. More broadly, one study examined the nationwide percentages of opioid prescriptions by specialty for all patients, finding that 44.5% of prescriptions were provided by primary care clinicians, 9.8% by surgeons, 8.2% by PM&R/Pain Medicine, and 4.3% by Emergency Medicine. 12 In our study, surgeons expectedly played a greater role during the postoperative transition period for opioid-naïve patients with new persistent use, but these findings highlight the underutilization of pain specialists and overrepresentation of emergency medicine during the postoperative period.
Although not a primary outcome for our study, our unadjusted rates of new persistent use among previously opioid-naïve patients (6.3%; data not shown) were consistent with previous work. [5] [6] [7] [8] Opioid prescription refills and extended duration of opioid use after surgical procedures have been associated with increased opioid dependence, abuse, and overdose. 16 Consequently, millions of Americans every year must confront the risk of opioid-related complications when exposed to opioids after surgery. Considering the increased healthcare costs and risk of mortality associated with opioid dependence, [17] [18] [19] healthcare providers must reexamine current practices regarding postoperative opioid prescribing. When compared to national opioid prescribing rates, 12 our data showed that Emergency Medicine provided over twice their national average of opioid prescriptions during the postoperative transition of care. Following the transition period, emergency medicine prescribing decreased by over 50% while primary care and PM&R/Pain Medicine increased. These findings may suggest a lack of coordination between surgeons and subsequent providers regarding opioid-managed pain following surgery.
Improved transitions of care following surgery could result in more successful tapering of opioid use, but there are additional confounding barriers that must be addressed by future work. Geographic barriers, underinsurance, and referral practices limit access to pain specialists. 20, 21 Among opioid-naïve patients with new persistent use, we found that utilization of PM&R/Pain Medicine for opioid prescriptions varied among geographic regions. Also seen in Table 1 , PM&R/Pain Medicine physicians were more likely to prescribe opioids following minor surgeries to older patients that have an education level of at least a bachelor degree, increased comorbidities, and pain disorders. Additionally, primary care clinicians and patients have expressed difficulty in tapering long-term opioid use. [22] [23] [24] In this study, the transition of opioid prescribing to primary care occurred 3-6 months after surgery, and primary care continued to increase in percentage of opioid prescribing throughout the study period. Early and deliberate transition of care may be required for patients that continue to require opioids following surgery. Failing to successfully wean Fig. 1 Prescriber specialty for opioid prescriptions among patients with new persistent opioid use. Among opioid-naïve patients with new persistent opioid use, the majority of postoperative opioid prescribing transitioned from surgeons to primary care clinicians between 3 to 6 months after surgery. Cardiology, Gastroenterology, Oncology, Neurology, and Other provided 25-31% of prescriptions beyond 3 months after surgery. PM&R/Pain Medicine provided less than 6% of prescriptions in the study period. Emergency medicine reached 11% of prescriptions at 6 months after surgery. The highest amount of opioid prescriptions were prescribed in the first 3 months after surgery (n = 8226).
opioid-naïve patients in the immediate postoperative period could lead to clinical inertia, 25 where prescribing continues without efforts to taper opioids.
For patients struggling to taper opioids after surgery, more work is needed to determine if early coordination between surgeons and primary care clinicians can alter these patients' clinical trajectories. Perioperative patient education should include realistic expectations regarding postoperative pain and duration of opioid use following surgery. Providers can also reduce postoperative opioid requirements by utilizing non-opioid analgesics, such as acetaminophen or NSAIDs. [26] [27] [28] Shorter initial opioid prescriptions after surgery would trigger a feedback loop between patient and physician, allowing surgeons to rapidly identify patients that continue to require opioids. 29, 30 Heightened awareness among patients, surgeons, and primary care physicians that surgery increases the risk of new persistent opioid use is necessary to promote improved communication and aggressive tapering of opioids while still in the acute surgical period. When practical, referring patients with persistent opioid use after surgery to pain specialists may prove useful in optimizing patient care. 31, 32 This study has limitations to address. First, using retrospective insurance claims data placed our study at risk for misclassification error as we used National Provider Identifier codes to group provider specialties for clarity. We attempted to address this concern by excluding physician assistants and nurse practitioners that were not associated with a specialty. These providers represented a small proportion in our study, prescribing fewer than 800 opioid prescriptions. However, they play an important role and should factor into future analyses. Additionally, some non-primary care clinicians may manage prescribing medications for certain medical conditions (e.g. rheumatology for rheumatoid arthritis). We do not currently have data describing which patients are more likely to transition to primary care versus another specialty, but this is the focus of ongoing work. Second, we cannot discern patients' motivation to receive opioid prescriptions or glean actual opioid consumption using claims data. Also, prescribing rates do not identify mean daily doses or prescription size. Increasing national focus on the opioid crisis has prompted efforts on reducing opioid utilization through new regulations and legislation, which may have subsequently altered practice patterns after the finishing point of our study period. Finally, our cohort was selected from insured US adults, and this data may not be applicable to under-or uninsured patients or to patients younger than 18 or older than 64 years. Among surgical patients who develop new persistent opioid use, the majority of postoperative opioid prescribing transitioned from surgeons to primary care clinicians between 3 to 6 months after surgery. Further work is needed to determine if enhanced care coordination between patients, surgeons, and primary care clinicians could allow identification of risk for persistent opioid use to prevent opioid misuse and dependence. Contributors Significant contributions to the work were completed by the authors. All authors had full access to the study data, take responsibility for the accuracy of the analysis, and approve the submission of this manuscript.
